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Figure 1. Type 1123<A Digital Sy ncro no metertime comparator, front (lest bezel) and rear views. 



A NEW APPROACH TO 

PRECISION TIME MEASUREMENTS 


The accurate, precise measurement 
and keeping of time are more than exer¬ 
cises for astronomers and guardians of 
the national standard. They are also 
matters of great concern to navigators, 
telemetry and communications special¬ 
ists, data-system technologists, and 
many others who must establish time 
intervals and record local time with 
microsecond precision. 

The modern method of precise local 
timekeeping involves (1) the use of 
standard time signals (such as those 
broadcast on WWV), (2) a standard- 
frequency oscillator, (3) some means of 
converting the oscillator^s frequency 
into a time indication, and (4) a means 
for precisely comparing it against the 


broadcast time signals. The last two 
functions have traditionally been per¬ 
formed by such time comparators as 
General Radio’s Type 1 103,‘ a syn¬ 
chronous-motor clock driven by the 
output of a frequency standard, ^^^th 
the time of day displayed on a standard 
clock face. Inevitably limiting the reso¬ 
lution of such comparators have been 
the uncertainties inherent in any me¬ 
chanical device, which have become 
progressively more troublesome with 
the increasing need for accurate resolu¬ 
tion of short time intervals. Not even 
the most advanced mechanical com- 

•R. W. Frank, F. D. Lewia. li. P. Stratemeyer, “The 
New GR Frequency Standard," Oeneral Radio Erperi- 
menttr, Vol 35 No 4, April 1961. 
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parator gives results repeatable to bet¬ 
ter than a microsecond, and to this dis¬ 
advantage must be added the problems 
of wear and maintenant^e intrinsic in 
mechanical devices. 

General Radio's new Type 1123-A 
Digital Syncronometer (Figure 1), a 
digital time comparator, avoids the 
problems of moving parts simply by 
avoiding the moving parts. There is no 
mechanical resolver, with its inherent 
inaccuracies in translating electrical an¬ 
gles to mechanical, no synchronous mo¬ 
tor with its inherent starting delays. 
Instead, solid-state logic circuits, used 
in a new type of time comparator, are 
designed specifically to meet the strin¬ 
gent demands of modern time-stand¬ 
ardizing and data-handling applica¬ 
tions. Accuracy is limited only by the 
accuracy of the driving frequency 
standard and not by resolution. Time 
information is, in fact, given with a 
precision that challenges one's ability 
to extract it. 

The Type 1123-A Digital Syncro¬ 
nometer ® time comparator is designed 
to be driven by the 100-kc output of 
the Type 111.5-B Standard-Frequency 
Oscillator.* The time comparator’s in¬ 
put circuits translate the oscillator’s 
100-kc sine-wave zero crossings into a 
100-kc pulse train, which is applied to 
a series of five decade dividers to pro¬ 
duce a one-pulse-per-second master 
tick. These pulses are accumulated in 
six digital counting circuits, and the to¬ 


tals are displayed by in-line incandes¬ 
cent-lamp indicators as hours, minutes, 
and .seconds. In addition, all 11 decades 
(five dividing and six counting and dis¬ 
playing) supply BCD electrical outputs 
at a rear-panel connector. 

The one-second master tick can be 
easily compared with any other one» 
second signal on an oscilloscope. A set 
of seven thumb wheels on the front 
panel controls a precisely known delay 
l3etween the master tick and a delayed 
pulse. To measure the time interval be¬ 
tween master tick and a broadcast time 
signal, one simply brings the delayed 
pulse into coincidence with the broad¬ 
cast signal and reads the time interval 
on the calibrated thumb wheels. Syn¬ 
chronizing the master tick with the 
time signals is then simply a matter of 
pushing a button on the comparator. ^ 
Standard time can just as easily be 
transferred from one digital Synx’RO- 
NOMETER time comparator to another 
or to several others. 

The new comparator can reproduce 
its time measurements with a precision 
approaching a nanosecond, and its mas¬ 
ter tick can be compared with suitable 
time signals with an accuracy of better 
than 100 nanoseconds. With appropri¬ 
ate terminal equipment for interroga¬ 
tion, it can provide time data in 
increments as small as 10 microseconds. 


»H. P. Siraiemejrer, "The Stability of Standard-Fre¬ 
quency Osoillatoni," Otneral Radio Experimenter, Vol 38 
No 6. June 1964. 
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The low power consumption of the 
all-solid-state circuits makes it practical 
to operate the comparator from a 
small, self-contained, nickel-cadmium 
battery, which takes over automatically 
if the ac line fails and supplies power 
for at least 24 hours. Although the pri¬ 
mary purpose of the built-in power pack 
is emergency operation, the fact that 
this instrument and the Type 1115-B 
Standard-Frequency Oscillator have 
built-in power supplies in effect makes 
both instruments and local time porta¬ 
ble. 


PHYSICAL CHARACTERISTICS 

The digital Syncronometer time 
comparator is housed in a standard re- 
lay-rack-width cabinet, 5}^ inches high. 
Prominent on the front panel is the 
hours-minutes-seconds register, an in¬ 
line series of six digital indicators. At 
the right-hand side of the panel are the 
seven delay thumb-wheel controls used 
in time-comparison measurements and 
in the synchronization procedure. The 
only other normally exposed control is 
the dimmer adjustment for the time 
register. Controls that can affect clock 
time ar(‘ normally kept out of harm’s 
way by a protective bezel plate. These 
are the visual regi.ster and proora.m 
controls and the i.NrriATE button. The 
latter ultimately controls all compara¬ 
tor operations (as well as the operations 
of any slave units), and. as a further 
precaution against accidental loss of 
accumulated time, both the vlsual 
REGISTER and PROGHA.M sw'itohes have 
OPERATE positions that lock out the 
INITIATE button; it takes very delib¬ 
erate action by the operator to upset 
the time kept by the clock. 

Standard frequency outputs in the 
form of pulse trains at 100 kc/s, 10 
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Figwr* 3. Timing dingram showing rolotiont ho- 
twoon ponol fhumb>whooi controls and fho 
vorious timing pulsos. 


kc/s, 1 kc/s .... 0.1 c/s are available 
at rear-panel bnu connectors, as are 
various other pulse outputs to be de- 
scrilied. 


TIME COMPARISON 

Once the comparator has been started 
and set in rough synchronism with a 
standard time signal, it is possible to 
determine the time interval between 
the comparator’s master tick and the 
standard time signal. This interval is 
measured in terms of the tim^ difference 
Ijetween the master tick and a pulse of 
8-millisecond duration, whose occur¬ 
rence the operator adjusts to coincide 
with the external reference. The com¬ 
parator also supplies an oscilloscope- 
synchronizing pulse, slightly in ad¬ 
vance of the 8-millisecond pulse, so that 
the latter can be moved away from the 
start of the oscilloscope sweep. Lag¬ 
ging the S-millisecond pulse is another, 
very brief (0.2 microsecond), time-com- 
p)arison marker pulse for super-precise 
measurements. 

Figure 2 shows a typical time-com¬ 
parison setup; the relations between the 
seven front-panel thumb-wheel controls 
and the various timing pulses are 
showm in Figure 3. When the leading 
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odge of ihv 8-millisecon(l p(*tlestal is 
aligned with the standard time signal, 
the exact interv'al lx*tween the com¬ 
parator’s master tick and the standard 
time signal is displayed on the five 
thuml>wheel controls designated A and 
B in Fignrt* 3. The two controls desig¬ 
nated C are calibrated to adjust and 
indicate the interval l>etween the lead¬ 
ing edge of the 8-millLsec;ond pedestal 
and the 0.2-microsecond pulse. One of 
these controls is a step switch with 
1-microsecond increments; the other is 
a continuous control covering the 
range from 0 to 1 microsecond and 
marked in 20-nanosecond increments. 

Use of the 0.2-microsec()nd marker 
for a precise measurement of local time 
against a I^ran C transmission is 
8ho>Mi in Figure 4. Note the precision 
with which the 0.2-microsecond marker 
pulse of the comparator (ran be (.'en¬ 
tered on the received Loran signal as 
displayed with a l-^s/cm sweep rate. 
Time comparison to O.l microsecond is 
entirely practical, and a hxml precision 
oscillator can thus l)e rated within 1 
part in 10'® in a measuring inten-al of 
only 17 minutes (1000 seconds)! 

An important feature of this com¬ 
parator is that, since all time compari¬ 


sons are made by adjustment of delay ^ 
pulses and indep(uidently of the clock’s 
own master tick, s(*veral standard time 
sources can Ik* intercompared without 
interference wdth the comparator’s lo(ial 
time. For example, the theoretical in¬ 
terval between a WWV time tick and a 
Loran C burst can be calculated from 
the relative locations of the two trans¬ 
mitters and the receiver. This calculated 
interval can then l)e added to the WWV 
tick by means of the delay controls, 
and a specific Loran C burst can thus 
be identified and subse(|uently used to 
establish local time much more accu¬ 
rately than the WWV signal alone 
would permit. 

SYNCHRONIZATION 

Once a time comparison has been 
made, the instrument (^an easily be syn¬ 
chronized so that its master tick is^ 
time-coincident, within 10 microsec¬ 
onds, with the standard time signal. 
The operator simply backs off the delay 
dials 50 mi(Toseconds to compensate 
for the program time, sets the program 
switch to SELF SYNC, and pushes the 
INITIATE button. Within the next sec¬ 
ond, the instrument falls into syn¬ 
chronism. 


Figure 4. Time comporiton of marker pulse ond Loran>C lOO-kc 
pulses. (Loran*C signals are those from Nantucket slave station, 
os received in Concord, Massachusetts.) 

a. Sweep rote 1 ms/cm. 

b. Sweep rate 100 /is/cm. 

c. Sweep rate 20 ps/cm. (Note marker pulse on third cycle.) 

d. Sweep rate 1 n*/cm, pulse centered. 
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Similarly, one or more slave compara¬ 
tors can be synchronized with a master 
unit, through wire lines. The program 
switch on the slaves is set to stop, the 
master comparator is set to start 
SLAVE, and the initiate button on the 
master is pushed. The slaves then start 
at the precise fraction of a second set 
on the master's delay controls (subject 
to the propagation delay of the starting 
signal and the relative phase of the l(X)- 
kc standard-frequency inputs). If the 
master's delay controls are set to 
(KXXK), the slave's master ticks will 
coincide with those of the master; if the 
master’s delay setting is .50000, the 
slaves will lag the master by 0.5 second. 

CIRCUrr DESCRIPTION 

It is most convenient to examine the 
circuits of the comparator in terms of 
its various programs, or modes of op¬ 


eration, as indicated by the positions of 
the front-panel program switch: start, 

STOP, SET, SELF SYNC, and START SLAVK. 
Start Program 

The purpose of the start program is 
to initiate the series of master ticks de¬ 
rived from the lOO-kc standard-fre¬ 
quency input and to ensure that the 
instrument stops if the standard-fre¬ 
quency input changes frequency or 
misses even one cycle. Such fail-safe 
operation is, of course, necessary to 
prevent the comparator from making 
an error by ignoring even a momentary 
interruption or aberration of input. 

In Figure 6, the 100-kc input is seen 
driving a Schmitt trigger circuit, which 
applies a series of pulses, 10 microsec¬ 
onds apart, to coincidence gate Gl. By 
pushing the initiate button, the user 
applies an 11-microsecond start pulse 



DECADE I 


Figure 6. Star! program. 
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Flgur* 7. Timing diogram shewing epefotion of 
the enobllng loop ond iocking goto. 


through OH gate G2 to eoincidence 
gate 01. Gl, thus enabled for 11 micro¬ 
seconds, possess at least one output 
pulse from the Schmitt circuit, and 
the comparator has bc^en placed in op¬ 
eration. Each pulse is fed bai^k through 
two 4.5-microsecond delay circuits to 
a 2-microsecond monostable multi¬ 
vibrator, which enables GI for the 
passing of the next input pulse*. If no 
pulse? reaches Gl during the 2-micro- 
second pt*riod when it is enabled (9 to 
11 microseconds after the passage of 
the last pulse), the enabling loop re¬ 
mains inactive, Gl is disabled, and the 
instrument is stopped to indicate fail¬ 
ure of the 100-kc input. The secpience of 
operations for the enabling loop is 
shown in the timing diagram, Mgure 7. 


Gl, stopping the instrument, and sets 
the first five (dividing) decades to zero. 
The time displayed on the visual regis¬ 
ter is not affected. (See Figure 8.) 

Set Program 

The set program allows the visual 
register to be set to any time of day 
without affecting the normal operation 
of the five dividing decades. When one 
of the counting units (skcond, 10 sec, 
.MIN, 10 .MIN, HOI’R, 10 hour) is Selected 
by the vlsual ukoi.stkr switch, each 
push of the iNiTi.\TE button advances 
the corresponding register one digit. The 
first command pulsi* from the initiate 
switch also triggers a carry-inhibit cir¬ 
cuit. which opens diode gates l>etween 
the six counting units. Thus one regis¬ 
ter can lx* .set independently of the next. 

Addition or omission of 1-cycle counts ^ 
Ls also possible while the instrument is 
running. With the visual register 
switch at OPERATE and the program 
switch at SET, the initiate button can 
l)e used to adfl counts to the seconds 
register. Gne-second counts are pre¬ 
vented from accumulating w'hen the 
vlsual register switch is set to its 
fully clockwLsi? position. 


Stop Program 

When the program switch is set 
to STOP, and the initiate button is 
pushed, a 45-microsecond monostable 
multivibrator disables coincidence gate 


Self-Sync Program 

'rhis program (see Figure 9) allows 
automatic synchronism of the compara¬ 
tor’s master tick within 10 microsec¬ 
onds of an external reference (e.g., a 


T 
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WWV time tick or a local, independent 
clock). The first step, as mentioned 
^ earlier, is to set the front-panel delay 
controls so that the internally gener¬ 
ated 8-millisecond pedestal is brought 
into coincidence with the received time 
signals, as seen on an oscilloscope. Since 
the synchronizing operation will con¬ 
sume 50 microseconds, the delay-con¬ 
trol setting is decreased by that amount. 
When the initiate button is pushed, 
the synchronizing flip-flop is set to the 
state. The instrument keeps count¬ 
ing until the programmed delay setting 
is recognized by gate G5. G5 then sets 
the synchronizing flip-flop to ‘*0’’ and 
triggers the 45-microsecond zero-set 
pulse generator. G1 is disabled, stop¬ 
ping the instrument, and the first five 
decades are set to zero. At the end of 
the 45 microseconds, a start pulse is 
automatically generated to restart the 
instrument on the next input pulse from 
A the Schmitt circuit. As shown in the 
timing dia^gram (Figure 10), a total of 
50 microseconds is lost during the entire 
synchronizing operation. Since the de¬ 


lay-control settings were originally re¬ 
duced by 50 microseconds, this time is 
accounted for. The internal master tick 
is now synchronized within 10 micro¬ 
seconds of the external standard. The 
time coincidence between the compari¬ 
son pedestal and the external standard 
can then be observed with the delay 
controls set at zero. 


Start-Slave Program 

The start-slave program allows a sec¬ 
ond comparator to be started with a 
given time relationship to the master 
comparator. The start pulse is pro¬ 
grammed by the time-delay setting of 
the master comparator. The slave can 
be set to lag the master by any amount 


501MITT PUCSCS 
SYNC FLIWLO»> rO'SIOC) 


START PULSE 


81 OUTPUT "p" 


J I I I I L 


I 


^ \\tn up 

—i—r 


Figure 10. Timing diagram for (he ielf-«ync 
program. 
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START MONOSTABLE CIRCUIT 



from 0 to milliseconds. Once the 

desired delay is set on the master's de¬ 
lay controls, the master’s in it i at k but¬ 
ton Is pushed once, setting the synchro¬ 
nizing Hip-Hop to ‘O ” (see Figure 11). 
When the programmed delay setting is 
recognized by gate Go, the synchroniz¬ 
ing Hip-Hop is reset to “0," generating 
a start pulse to the slave. The exact 
time relationship of the slave to the 
master is determined by the phase of 
the 100-kc input signals to the two in¬ 
struments and by the length of the 
interconnecting cable. 

Power Supply 

The main power supply is a conven¬ 
tional transistor serie.s-regulator circuit 
(see Figure 12). A built-in. explosion- 
prot)f. IH-volt nickel-cadmium battery 
of 4.5-amp€*re-hour capacity Is con¬ 
nected through rectiher CRl to the 
counting circuits at all times. A tem¬ 
perature-compensated charging circuit 
supplies a trickle current to the battery 


so that it stays fully charged. Supply 
voltages are so set that the battery nor¬ 
mally supplies no current to the count¬ 
ing circuits (CRl is back-biased). If the 
ac line voltage fails or drops so that the 
regulator voltage goes below 17 volts, 
CRl becomes forward-biased, and the 
battery supplies current to the counting 
circuits. The indicator lamps are dis¬ 
connected from the battery supply by 
CR2 to eliminate their heavy current 
drain, but a front-panel spring-return 
switch allows momentary operation of 
the lamps. 

An external 24- to 32-volt battery, 
connected to the comparator through 
a rear-panel connector, can be used to 
.supply the regulator directly in the 
event of a prolonged line-voltage fail¬ 
ure. 

Hours Reset Circuit 

The comparator’s time indicators can 
be set to recycle to 0 at any integral 
number of hours from 1 to The de¬ 
sired full-scale hours indication is set 
by means of two front-panel thumb¬ 
wheel controls, which select a particu¬ 
lar matrix line from the hours and 
lO’s-of-hours decades (see Figure 13). 
When the preset number is recognized 
by gate G8, the two counting units are 
set to 0. The setting 24, for example, 
recycles the clock from 23:59:59 to 
00KX):00 on the next 1-second count. 
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Figure 13. Hourt-retef circuit. 

0-10 Microsecond Delay Circuit 

The 10 -ms marker pulse is generated 
by an analog delay circuit. A negative¬ 
going ramp is initiated by the leading 
edge of the 8-miIli.second comparison 
pedestal (see Figure 14), A Schmitt 
circuit, which generates the marker, 
triggers when the ramp decays to 
a preset voltage. The time delay be- 
^ tween the start of the 8-millisecond 
pedestal and the transition of the 
Schmitt trigger depends on the slope 
of the ramp, which is in turn set 
by the front-panel 1-microsecond 
thumb wheel. This delay is quantized 
and set to the nearest exact multiple 
of 1 microsecond by combination with 
the 1-Mc input signal in gate G3. The 
output from sets the Hip-Hop to 1 
and initiates a second ramp, whose 
slope is continuously adjustable to pro¬ 
duce an additional 0 to 1-microsecond 
delay. The ().2-microsecond Schmitt 
trigger output is shaped with a mono¬ 
stable multivibrator and amplifier to 
produce a lO-volt, ().2-microsecond 



pulse with rise and fall times of about 
20 nanoseconds. 

AUXILIARY TIME-STORAGE EQUIPMENT 

No commercial equipment presently 
available can accent time readings 
fastTs^ the comparator can supply 
theigr R^quTrens a parallel-entry stor¬ 
ag e register with a capacity of 11 four- 
bit binary words. The register must ac- 

c^t and store the data from the clock 

m a time welFu nder .iTmicroseconds 

(The comparator contains full inhibit 
circuitry to prevent errors that could 
be caused by interrogation during time 
transfer.) We hav ede veloped such a 
sto rage register, capable of storing data 
in less than 1 microsecond, and can sup¬ 
ply sueb equipment on special order. 


APPLICATIONS 

The Typk 1123-A Digital Syncro- 
nometer time comparator is a general- 
purpose precision laboratory instru¬ 
ment for registering, measuring, and 
generating time. Driven by the Type 
lllo-B Standard-Frequency Oscillator, 
or other frequency standard with I (Hi¬ 
ke output, it can be used: 

(1) as a precise time-of-event source 
or accumulator of time in 10-microsec¬ 
ond increments up to 09 hours. (A 
modified comparator, supplied on spe¬ 
cial order, can accumulate decimal sec¬ 
onds up to a total of 099,909.) Thus 
decimal seconds from the start of an 
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SK 

event, in ineremonts as small as 10 mi¬ 
croseconds. can be logged in data- 
processing systems. 

(2) as a source of precisely timed 
pulses to initiate experiments, 

(3) as a precise, low-jitter source of 
timing pulses in decade secjuence from 
100 kc/s to 0,1 c/s, 

(4) to transport precise time, 

(5) to rate standard-frequency oscil¬ 
lators against transmitted time signals. 

SUAAAAARY 

The development of a solid-state 
time comparator is a significant step 
forward in the field of time-standard 


instrumentation. The Type 1123-A 
Digital Syncronometer time compara¬ 
tor is the most versatile instrument of 
its type, yet is the easiest to operate. 
Its low-power transistor circuits and 
built-in battery mean that one can lit¬ 
erally carry reference time from one lo¬ 
cation to another. Its fail-safe regenera¬ 
tive circuits and absence of moving 
parts make it the most reliable com¬ 
parator available. And its BCD-electri- 
cal, as well as visual, output ensures its 
usefulness with data-acquisition sys¬ 
tems of today and tomorrow. 

D. O. Fisher 

R. W. Fil\nk 


SPECIFICATIONS 


Input: BNc conneciure. 

0.5 V at 100 kc/a (sinusoid or square wave). 

0.5 V at I Mc/s (sinusoid or square wave). 

Normally provided from Typk 1115-b Stand¬ 
ard-Frequency Oscillator (I V into 50 12). 

Outputs: 

Tim* of Day: From all decmlf*8, parallel 
1-2-4-2 m'O. 1-2-4-8 bcd available on 
Bf^ial order. 

Ixtgical 0; Approx 0.5 V. 

liOgical 1: Approx 4-15 (o|>en circuit). 

Lo^cal lane Source Impedance: 100 kI2. 

Timing Puit*«: 10 kc/s, 100, 10, 1, and 0.1 
c/s are available at output HttinRs on roar. 
These are +15-V'^ pulses with approx lOO-U 
source impedance and a duty ratio of 0.2. In 
aildition, a 100-kc pulse* sit^al is available. 

Otciiietcop* Sync Pub*: Settable ill l-ms 8te{)6 
0.000 to o.mni s. 

Positive pulse, 13 V, Zm » 2.2 kl2. 

Duration, »7.5 mS- 

Tim*-Comporiton P*d*ttal: Follows oscillo¬ 
scope sync by 000 to 090 /iS (100- and IO-mS 
steps). 

Positive pulse, 10 V from emitter follower. 

Duration, as8 ms. 

T, «s 0.5 MS, Tf — 0.5 MS. 

0.2-m* Morfct 10-V positive pulse, 0.2 -ms 
duration, with appniximately 20-ns rise and^ 
fall times, and 100-12 source im[M.*dance. This* 
marker is variable in I-ms stejis and a contin¬ 
uous 0- to 1-MS range from 0 to 10 ms after the 
S-ms pedestal. 

1-« Mo«t*r.Ti<k Outpuf: Positive pulse from 
emitter foUower. 

Amplitude, 10 V. Duration, *«7.5 ms. 7’, 
- 2 MS, T/ - 2 MS. 

12 


Input Star! Pub*: I.<Ogical 0(0 V) to 1 (*4*15 V) 
holding for > 10 ms. May come from second 
clock or external system. 

Output Start Pub*:' 11 mS, 0 io -f 15 V, from 
emitter follower. 

Inhibit Pub* Output: Ix>gical 1 (4-15 V) to 0 
(0 V); lasting approx 9 to 11 time units at 
lower frequencies, established by setting in¬ 
ternal links for desired inhibit rate (no print 
on carry). 

Visual Indication: 0 dimmable digital indicaUirs 
for h, m, 8. 

D*loy Sotting for Tim* M*otur*m*nt: 0 digital 
thumbwheel switches and 1 continuous (0-1 ms) 
control calibnited in 20-n8 increments. 

VUuol Regitt*r S*tting: Direct access to ail six 
visual decades, carries inhibited. 

Clock Function*: All control and setting funcs 
tii>ns are operated by a single pushbutton and 
are normally locked out and covered. 

1. Oporato: All program controls locked out. 

2. Stort: C'lock will be started by 1 I-ms start 
pulse from pushbutton or from external source 
(bnc connector on rear). Start pulse produceii 
and fed from instrument. 

3. Stop; Clock will be stopped and all count¬ 
ing decades from 100 kc/s to I c/s will be set 
U) zero by pushbutton. Zero will hold until 
start command is received. 

4. Sot: Pennits setting visual register. All¬ 
visual renter carries internipted; 100-kc to 

1-cycle dividers not affected. Selectetl decade ^ 
is advanced by 1 count for each push of the 
initiate pushbutton. 

5. S*if Sync: Permits synchnuiizing iiiaster 
tick to within 10 ms of a measured time in 
another time system, as WWV on UT-2. 
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6. Start-Slav*: Permits setting a second clock 
from the first. After the actuate button is 
pushed, a start pulse will be produced when 
the count reaches the setting of the time-delay 
switches of the first clock. 

Maoturamant Rata: Switch permits oscilloscope 
sync at 10-cycle rate rather than the standard 

Powar^ Rariulrad: 00 to 130 or 180 to 260 V, 
50 to 60 c/s, 32 W approx. Self-contained, 
pressure-relief, nickel-cadmium battery for 


approx 2‘1-hour off-line operation is supplied. 
Accattorias Suppliad: DigltaJ-OUtput plug as¬ 
sembly, Type C.AP-22 Power Cord, spare fuses. 
Mounting: Rack-bench cabinet. 

Dimantions: Bench model—width 10, height 6, 
depth 14 4 inches (485 by 155 by 370 mm); 
rack model—panel 10 by 514 inches (485 by 
135 mm), depth behind panel 12 inches (305 
mm). 

Nat Waight: liO lb (14 kg). 

Shipping Waight: 40Mb (18.5 kg). 


Type 


Price 

1123-AM 

Digital Syncronometer, Bench Model 

$2950.00 

1123-AR 

Digital Syncronometer, Rock Model 

2950.00 


A NEW 




FREQUENCY STANDARD 


The new standard-frequency oscilla¬ 
tor introduced several months ago ‘ and 
the new digital Syncronometer® 
time comparator announced in this issue 
lead logically to a new General Radio 
frequency standard. It is called the 
Type 1121 P'requency and Time Stand¬ 
ard, and it is available in any of four 
versions, depending on the output fre¬ 
quencies desired. 

The Type 1121-A Frequency and 
Time Standard includes a Type U15-B 
Standard-Frequency Oscillator and a 
Type 1123-A Digital Syncronometer 
time comparator, assembled in a relay 
rack and complete with all necessary 
interconnecting cables. The Type 
1115-B Standard-Frequency Oscillator 
uses a .5-Mc fifth-overtone quartz crys¬ 
tal and supplies standard-frequency 
outputs at 5 Mc/s, 1 Mc/s, and 100 
kc/s. The digital Syncronometer time 
comparator integrates the oscillator 
frequency to produce precise time-of- 


Typ* 1121-A 


»H. P. Stratemeyer, “The StabiliW of Standard-Fre- 
guenoy Oacillatora," Oeneral Radio Experimenter^ Vol 38 
No 6. June 19(U. 
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(Jay data, permits accurate comparison 
of the frequency standard with stand¬ 
ard-time radio transmissions, and gen¬ 
erates timing pulses at frequencies from 
0.1 c/s to 100 kc/s in decade multiples. 

In the Type ITil-AIl model, Types 
1112-A and 11 r2-B Standard-Frequen¬ 
cy Multipliers are added to supply out^ 
put frequencies of 10, ItH), and l(M)0 
Mc/s. The vhf and uhf signals are vir¬ 
tually free from submultiple output fre¬ 
quencies. The spectrum of the 5-Mc 
output of the crystal oscillator is un¬ 


affected by the presence of the multi¬ 
pliers. 

In the Typk 1121-AL model, a Type 
1114-A Frequency Divider is added to 
the Type 1121-A assembly to produce 
low-frequency sine waves of 10 and 1 
kc/s, 400, 100, and (M) e/s, and lO-kc 
square waves. 

The Type 1121-AlIL lOOO-Mc Fre- 
(juency and Time Standard includes all 
the components of both the -AH and 
the -AL models, and its output fre¬ 
quencies extend from 00 c/s to I Gc/s. 


SPECIFICATIONS 


Type 1121 -A 

Components: Type 1115-0 Stundurd-Frequency 
(htcilliilor, Typ>: 112Ii-A Digital Syncrononie- 
ter time trom para tor. 

Owtpoi Froqwoncios: Sine Waves at 5 and 1 Mc/f 
and 100 kc/a; timing pulaea at 100, 10, 1 kc/a, 
100, 10, 1, and 0.1 c/a. 

Pow«r Rnqvirod: 40 VV at '.K) to IHO or 180 to 
2(>0 V, 40 to 2000 c/a, or 24 t<» .‘12 V dc. Inter¬ 
nal nickel-cadmium hutU'rieH pn»vide at least 
24-h()ur emergency otM.>rtition. 

N«t Waight: 170 lb (78 kg). 

Shipping Wvight: 11^ lb (icd kg). 

TYPE 1121-AH 

CompononU: Type 1115-H Standard-Frequency 
Oscillator, Type I12:i-A Digital Syncronome- 
ter time comparator, Type 1112-A Standard- 
Frequency .Multiplier, Type 1112-B Standard- 
Fretiuency Multiplier. 

Output Fr«qu«ncie»: Sine wuvt« at 1000, 100, 
10, 5, 1 .Me/a, 100 kc/a; timing pulaea at 100, 
10, 1 kc/a, 100, 10, I, and 0.1 c/a. 

Powur Ruquirud: Frequency multipliers, 2;i5 W 
max at lO.'i to 125 or 210 to 250 V, 50 to tK) 
c/b. Oscillator and comparaUtr, 40 W at IK) 
to l:t0 «)r 180 to 200 V, 40 to 2000 c/s, or 
24 to :12 V dc. Intenml nickel-cadmium batteries 

f )rovide at least 24-hour emergency ofjeration 
or standard-frequency oa<;illutor and time 
comparator. 

Nut Wuight: 220 lb (102 kg). 

Shipping Wuight: 400 11) (IS-I kg). 

TYPE 1121-AL 

Cempnnuntt: Type 1115-B Standard-Frequency 
Darillator, Type 112:i-A Digital Syncronome- 
ter time comparator, Type 1114-.A Frequency 

Type 


Divider (leas Tyf)e« 1114-Pl and -1*2 plug¬ 
ins), Types 1114-PO and -P7 Plug-In Units. 
Output Frcquunciut: Sine waves at 5, 1 Mc/s, 
UK), 10, 1 kc/a, 400, 100, t‘i0 c/a. Timing pulaea 
at 100, 10, 1 kc/s, 100, 10, I, and 0.1 c/s. 
Pewur Ruquirud: Oscillator and comparator, 
40 VV at ‘K) to 1:K) or 180 to 2()0 V, 40 to 2000 
c/a, or 24 to :12 V dc; frequency divider, 7 VV 
max at 105 to 125 or 210 to 250 V, 50 to 400 
c/a. Internal nickcl-caflmium batterica pro¬ 
vide at least 24-hour emergency operation for 
oscillator and comparator. 

Nut Wuight: 190 lb (87 kg). 

Shipping Wuight: 'M)0 lb (ItiO kg). 

TYPE 1121.AHL 

ComponunH: Ty|»e 1115-B Standani-Frequency 
DacillaU'r, Tvj>e 112I1-.A Digital Syncrouometer 
time comptirator, T>j>e 1112-A Standard- 
Frequency Multiplier, Type 1112-B Standard- 
Frequency .Multiplier, Type 1114-A Frequency 
Divider (leas Types 1114-Pl and -P2 plug-ins), 
Types 1114-Pii and -P7 Plug-In Units. 

Output Fruquunciut: Sine waves at 1000, 100, 
10, 1 .Mc/a, 100, 10, 1 kc/a, 400, 100, 00 c/a, 
and lO-kc 8<|uare waves. Timing pulaea at 
100, 10, 1 kc/s. 100, 10, 1 and 0.1 c/a. 

Pewur Requirud: Omrillator and comparator, 
10 VV at ‘.K) to m «»r 180 to 200 V, 40 to 2000 
c/a, or 24 U» .*12 V dc; frequency multipliers, 
2:15 VV max at 106 to 126 or 210 to 250 V, 
60 to 00 c/a; frequency divider, 7 VV' max at 
105 to 125 or 210 to *260 V, 50 to 100 c/a. 
Internal nickel-<*admium batteries provide at 
least 24-hour emergency oi)eration for oscilia- 
tor and comparator. 

Nut Wuight: 2:10 lb (100 kg). 

Shipping Wuight: 410 lb (189 kg). 


Price 


1121-A 

1121.AH 

1121.AL 

1121-AHL 


Fruquuncy and Timu Standord 

1000-Me Fruquuncy ond Timu Stondord 

Fruquuncy and Timu Standard 

1000-Me Fruquuncy and Timu Standard 


$5295.00 

8110.00 

6300.00 

9115.00 
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PRECISION COAXIAL CONNECTOR STANDARDIZATION AND 
THE GR900 CONNECTOR 


The GR900 Precision Coaxial Con¬ 
nector is the only commercial connector 
that meets the IEEE Recommended Prac¬ 
tice for 14-mm General Precision Co¬ 
axial Connectors. 

At it« meeting on November 12, 1964, 
the IEEE Standards Committee ap¬ 
proved sections of a standards docu¬ 
ment on Recommended Practices for 
Precision Coaxial Connectors, which 
is of special importance to all those con¬ 
cerned with coaxial systems and meas¬ 
urements. The document was prepared 
by the Subcommittee on Precision Co¬ 
axial Connectors,* after this subcom¬ 
mittee had studied the problems of de¬ 
signing, fabricating, and measuring the 
performance of precision connectors and 
had evaluated a number of designs. No 
particular connector is selected as a 
standard, but the document does set 
forth certain design and performance 
specifications for a standard connector. 
The mechanical requirements ensure 
that any connector meeting the speci¬ 
fications will mate with any other of 
the same line size but do not specify 
the actual coupling mechanism. 

Two line diameters are specified by 
the document: a 14-mm diameter for 
precision applications up to 9 Gc/s and 
a 7-mm diameter for use up to 18 Gc/s. 
The larger-diameter line has about 

»Of the IEEE Committee on Electronic and Kigh-Fre- 
quenoy Meaaurementa, G-IM. 


twice the accuracy of the smaller line. 
For each diameter, tw'o types of con¬ 
nector are described: (1) a General Pre¬ 
cision Connector (GPC), which includes 
a dielectric support for the center con¬ 
ductor, and (2) a Laboratory Precision 
Connector (LPC), which does not. 

The IEEE Standards Committee’s 
approval was given only to those parts 
of the Subcommittee document having 
to do with general requirements and 
definitions, parameters to be specified, 
and detailed specifications for 7- and 
14-mm general precision connectors. 
The 7-mm section was approved for 
trial use and is not in final form, since 
the Subcommittee has yet to deter¬ 
mine through evaluation^ of samples 
w’hether the specifications can be met 
in a practical connector and has still 
to specify the design of the critical 
mating surfaces or coupling arrange¬ 
ments. The 14-mm section, however, 
is complete, since these decisions and 
evaluations have already been made. 
The specifications, as proposed by the 
Subcommittee, appear in the Decem¬ 
ber, 1964 IEEE Transactions on In¬ 
strumentation and Measurements. 

In 1959, General Radio began inves¬ 
tigating possible designs for a precision 
coaxial connector. Our own develop¬ 
ment program led to the GR900 Preci¬ 
sion Coaxial Connector, several thou¬ 
sand of which have been produced 
over the past tw’o years. This connector 
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has been thoroughly evaluated by sev¬ 
eral independent lalK)ratories cooperat¬ 
ing with the Subcommittee on Preci¬ 
sion Coaxial Connectors and has been 
found to meet the specifications for the 
14-mm general precision connector. 
Ever since the formation of the original 
committee in 1960, our engineers have 
cooperated with that group and have 


freely exchanged technical information 
on connector design problems and on 
improved measurement methods. Cten- 
eral Radio’s cooperation with the Sub¬ 
committee has extended to the waiving 
of patent and other proprietary rights 
to the basic dimensioning and design 
of the GR900 Connector. 


HIGH-FREQUENCY TRANSISTOR MEASUREMENT STANDARD 


Another standards committee, that 
of the EIA, recently agreed on a pro¬ 
posed JED EC standard on high-fre¬ 
quency transistor V and // parameters 
and sent the standard out to industry 


for review. All transistor measurements 
specified can be performed by GR’s 
Type 1607-A Transfer-Function and 
Immittance Bridge and the new tran¬ 
sistor mounts described below. 


MOUNTS FOR TRANSISTOR MEASUREMENTS 

WITH THE TRANSFER-FUNCTION BRIDGE ^ 


Accurate measurements of high-fre¬ 
quency transistors rapidly Ijecame com¬ 
monplace after the introduction, in 
1959,* of commercially available tran¬ 
sistor mounts for use with the Type 
1607-A Transfer-Function and Immit¬ 
tance Bridge. These mounts, designed 
primarily for development applications, 

*W. R. Thuntoo. R. A. Sodertnan. •*Tb« Tvpe HJ07-A 
TVanafor-Funotioo and Immittanoe Bridce," General Ra¬ 
dio Rrporimofilrr, Vol 33 No 6, May 19M>. 

Ftgwra 1. On« of 
fho now trontittor 
mowntt, with frontlt- 
tor fully tootod in 
•ockol. 


left some problems for the production 
tester, who had either to clip the leads 
of his transistors or to leave most of 
the leads exposed and in circuit. 

A new series of transistor mounts 
now permits the insertion and accurate 
measurement of transistors with leads 
up to two inches long. The leads are 
hidden from the held, the connection 
point is just below the transistor head¬ 
er, and parasitic lead inductance and 
capacitance are just about eliminated. 
In the new mounts, the transistor leads 
are inserted into hollow inner conduc¬ 
tors of tiny coaxial lines. A short sec¬ 
tion of each inner conductor, near the 
top, is compressed to a narrow diameter 
to make a stable electrical contact with 
the transistor lead. An incidental fea¬ 
ture, useful to the circuit designer, is 
that the transistor can be connected to 
the mount with just the right amount 
of lead left in circuit to simulate its 
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eventual connection. The transistor 
can thus be measured to include the 
parasitic lead effects that will be pres¬ 
ent in the circuit. Four such mounts 
are now available: two for transistors 
with a 0.2-inch-diameter pin circle 
(TO-5 packages) and two for the 
0.1-inch pin circle (TO-18 packages). A 
grounded-base and a grounded-emitter 
mount are available for each size. (The 
grounded-emitter mounts can also be 
used for the grounded-collector configu¬ 
ration ; the transistor is .simply oriented 
differently upon insertion.) Four-hole 
.sockets in all mounts include a connec¬ 
tion for dc or metallic ground. 

INTERNAL CONFIGURATION 

The internal configuration of the new 
mounts is shown in Figure 2. Two jogs 



Figure 2. Cro««-section drawings showing in- 
tornol configuration of new mounts. 


in the internal coaxial line are used to 
make the substantial transition from 
GR874 Connector U) the .small transis¬ 
tor lead spacing. A more obvious design 
would have employed tilted conical ta¬ 
pers converging to the small socket size. 
The step transition was chosen because 
it allows the transistor leads to go 
^ straight into the socket, it is easier to 
control in manufacture, and it is not at 
all difficult to compensate locally for 
the discontinuities existing at the 90° 



Figure 3. Typical VSWR chorocleritlics of new 
transistor mounts. 


jogs. How well this has been done is 
shown by the mounts’ vswn charac¬ 
teristics (Figure 3). 

The .small coaxial lines inside the 
mounts consist of square outer conduc¬ 
tors and round inner conductors (see 
Figure 4). This configuration was neces¬ 
sary to achieve the close spacing of the 
coaxial line pair, corresponding to the 
transistor lead spacing. In the 0.2-inch 
pin-circle mounts, the coaxial-line di¬ 
mensions are 0.132 inch (square) and 
0.062 inch (diameter of the round inner 
conductor). In the 0.1-inch pin-circle 
mounts, these dimensions are 0.068 and 
0.032 inch, respectively. 

The use of such small coaxial lines in 
the mounts offers several advantages. 
Discontinuities between coaxial lines 
and transistor leads are minimized; a 
colinear relation exists between lines 
and leads; and the damper (a .50-ohm 
dc-block resistor assembly used to sup¬ 
press transistor oscillation) can be lo¬ 
cated closer to the reference plane (ac- 


OISZ*—i- 



|•-o.oe8"-iM 

a 

-0 062 OIA 

0.032 DiA^- 


O.E-INCH 
PIN CIRCLE 


O.I-INCH 
PIN CIRCLE 


Figur* 4. Crats section of internol cooxiol leads. 
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tual distance is 3/32 inch) to reduce its 
effect on the measurement. All these 
factors add up to greatly increased ac¬ 
curacy of transistor measurements. 

The reference plane of the new 
mounts (the point on the transistor lead 
to which the measured values apply) is 
0.025 inch below the top of the mount 
socket, or 0.025 inch below the header 
when the transistor is firmly seated in 
the mount. The electrical length from 
the reference plane to the short-circuit 
plane of a Type 874-\VX Short-Circuit 
Termination is 9.5 cm. 

The elements used to set up the ref¬ 
erence plane on the older mounts can¬ 
not Ikj used for this purpose with the 
new mounts. A new set based on the 
9.5-cm length is available as the Type 
ir>07-P40 Termination Kit. 

The new mounts will be useful to the 
circuit designer, the transistor devel¬ 
oper, and the production-line tester. A 
procedure has been devised for the rapid 
production-line measurement of /S, and 
some companies guarantee )’ parame¬ 
ters measured with this equipment. 

One especially important transistor- 
design application involves the use of 
Linvill charts.* Transistor parameters 
are measured, and the charts are then 
used to determine circ\ut parameters. 
Examples of this and other procedures 
are given in several papers.** * 

LEAD ACCOMMODATION 

The mounts accept transistor leads 
as long as two inches. The Type.s 1607- 

> Linvill Mid Gibnon. Transutort and Aetitet Cireuita 
.MoGmw.lIill. 1961. 

■V. Gelnovatoh and G. E. Hambleton. '*1 Gc Tranaiator 
.\mpliraer SUge Usinc Linvill Technique," Procaadinga of 
the rSEK, ^ 52 No 10. p 1262. 

• P. E. Kolk, "Design of Tnree UHF Transistor Circuits," 
Micro Waaca, November 1964, p 32*37. 

*0. K. Kambleton and V. Oelnovmtoh. "L>Band and Ger¬ 
manium Mnsa Transiston." Mieroaenaa Journal, VoU8 
No 1, January 19^, p 42-46. 67-68. 


P41 and -P42 (0.2-inch pin circle) 
mounts can accommodate leads with 
diameters from 0.014 to 0.032 inch. The 
Types 1607-P43 and -P44 (0.1-inch pin 
circle) mounts accept leads with diame¬ 
ters from 0.014 to 0.021 inch. 

The mounts will not accept very 
crooked leads, and leads should be 
straightened and made perpendicular to 
the header to ensure accurate measure¬ 
ment. 

SOCKET ACCESSIBILITY AND 
FEATURES 

On each mount, the socket is out in 
the open and readily accessible. A 
marker indicates the proper orientation 
of the transistor tab. Four tapped holes 
surround the socket to permit attach¬ 
ment of a heat sink. Socket contacts are 
heat-treated beryllium copper and are ^ 
quite rugged. 

The socket itself is made of polycar¬ 
bonate, an extremely tough plastic with 
a dielectric constant of 2.73. 

APPLICATIONS 

The mounts can be used with the 
Type 1607-A Transfer-Function and 
Immittance Bridge to measure all im- 
mittance and hybrid transistor parame¬ 
ters directly, in the frequency range 
from 25 Mc/s to 1.5 Gc/s. They can 
also be used with a slotted line to 
measure driving-point parameters up to 
about 5 Gc/s. 

NOTE: The older mounts (Type.s 1607- 
PlOl, -P102, -Pill, -P401) will con¬ 
tinue to be available and are recom¬ 
mended for those applications that do ^ 
not require the long-lead capability or 
the four-lead socket. 

— T. ZOHZY 
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SPECIFICATIONS 

Typea 1607-P41, Types I607-P4S, -Ph4 


Transistor Packages Accepted: 


Characteristic Impedance (of coaxial lines): 
Pin-Circle Diameter: 

Range of Transistor Lead Diameters: 
Maximum Transistor Lead Length: 
Frequency Range: 

Accessory Supplied: 

Accessory Required: 

Net Weight: 


T0.5,9,11,12,16, 26, 31, TO-IS 28, 52, 54; 

33,37, 38. 39, 43; MO-14; MT-30, 38; RO-44, 

MM-4, 8; MT-13, 20, 28,37; 48, 51, 64, 65, 66, 

RO-2, 3, 4, 5, 10, 24, 30, 33, 70,73.78; U.3; X.8, etc. 

34,46,49, 50,61,62,79, etc. 

5011 db 0.8% S0il± 1.6% 

0.2 inch 0.1 inch 

0.014 to 0.032 inch 0.014 to 0.021 inch 

2 inches 
dc to 5 Gc/s 

One Type 1607-P30 Damper (to prevent oscillation) 
Type 1607-P40 Termination Kit 
Mount, approximately 12 oz (0.4 g); 
Termination Kit, opproximotely 14.5 oz (0.5 g) 


Type I 


Price 

1607.P41 

Transistor Mount (0.2-in pin circle, grounded base) 

$115.00 

1607.P42 

Transistor Mount (0.2-in pin circle, grounded emitter/collector) 

115.00 

1607-P43 

Transistor Mount (0.1-in pin circle, grounded bose) 

115.00 

1607.P44 

Transistor Mount (0.1-in pin circle, grounded emitter/coilector) 

115.00 

1607.P40 

Termination Kit 

42.50 


SOUND-POWER MEASUREMENTS 

ABOVE A REFLECTING SURFACE 


A preferred method of rating the 
noise output of a device is to determine 
the sound power radiated from it.^ 
General procedures for measuring sound 
power are specified in an American 
standard (Si.2-1962, American Stand¬ 
ard Method for the Physical Measure¬ 
ment of Sound), and some specialized 
test codes are based on that standard. 

One basic test procedure requires sus¬ 
pending the noisy device in the middle 
of an anechoic chamber. Twenty micro¬ 
phones are placed at points uniformly 
distributed on a hypothetical measure¬ 
ment sphere surrounding the source. 
The sound-pressure level at each of 
these points is then measured, and the 
radiated sound power is calculated from 
^ the results of these measurements. 

I For a general diacuaaion of sound-|x)wer measurements 
and a list of references, see A. P. G. Peterson and E. E. 
Gross, Jr., Handbook of Noioe Mtattirement, Chapter 7, 
General Radio Company, West Concord, Massachusetts. 
1963. 


If the device being measured is large 
and heavy, suspending it in a chamber 
may be impractical. It is often easier 
and more sensible to place it on a large 
concrete foundation, as it might be 
mounted in actual use; any surrounding 
walls are made anechoic. (3r the device 
may be placed on a large paved area in 
the open. The Hat mounting surface 
then becomes a reHecting plane for the 
sound, and the measurement positions 
are distributed on a hypothetical hemis¬ 
phere above the plane and surrounding 
the device. The 12 microphone positions 
usually chosen for these measurements 
have not been as satisfactory as those 
for the complete sphere, because four 
of the points are in the reHecting plane. 
(P. K. Baade, “Sound Radiation of 
Air-Gonditioning Equipment; Measure¬ 
ment in the Free-Field Above a ReHect¬ 
ing Plane,” Technical papers on sound 
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GENERAL RADIO EXPERIMENTER 


(a 127, 0.954, 0.533) 

(-a333, 0.577. a745) (0.745. 0.577. a333) 

+ 

(-0.872, 0.357, a333) 

+ + 

<0.0.0 (0.687, Q a745) 

4- 

(-0.872,-0.357, 0.353) 

(-0.333, -0.577. 0.745) (0.745. -0577, 0333) 

(0.127, -0.934,0333) 

Figure 1. Plan view of 10 points distributed on o 
hemisphere of unit rodius. Coordinates ore given 
in terms of distances from center oiong three 
mutually perpendicular axes (X, Y, Z). 

measurement^ presented ASIiRAE 71st 
annual meeting, Cleveland 19(>4.) 

Another, related set of measurement 
points can be used to avoid making 
measurements in the reflecting plane. 
This new .set, shown in Figure 1, is in 
effect the earlier set rotated 20.9° about 
an axis in the reflecting plane passing 
through the source. This .set has 10 
points, and, although the distribution 
is not strictly uniform, the deviations 
from uniformity are so .small that equal 
weight can be given to all the points. 

The sound power Ls then computed 
from the measured values of sound- 
pressure level by the equations given 


in the standard (ASA Si.2-1962). 
Thus: 

/vir = l^p ”i" 20 logioP — 2.5 
where Lw sound-power level in deci¬ 
bels referred to lO"*^ watt, 

Lp = mean-square sound-pressure level 
over the test hemisphere in decibels re¬ 
ferred to 0.0002 microbar, 
r = radius of the test hemisphere in 
feet. 

(If r isjn meters, the formula is 
Lw_^ Lp + 20 logior 7.8.) 

Lp can be calculated from the 10 
sound-pressure-level measurements in 
the following way. Convert each decibel 
level to an equivalent power ratio by 
means of a decibel conversion table 
(such as that given in the General Ra¬ 
dio Htnulbook of Noise Measurement). 
Add the 10 power ratios, divide by 10, 
and reconvert to a decibel value. The ^ 
result is Lp. 

This new set of measurement points 
avoids the error that can occur with a 
nondirectional pattern for the 12-point 
system, but, if the source is highly di¬ 
rectional, any such set of relatively few 
points can give serious errors. The first 
time any new device Ls measured, some 
exploration of the field is desirable in 
order to check its directivity pattern. 

If it is highly directional, more detailed 
exploration of the field will be neces- 
sary. ' 

—A. P. G. Peterson 


Are your name and address correct as they ap~ 
pear on this envelope? Please mark any correc¬ 
tions, including Zip Code, on the label and return 
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